Ultraviolet (u.v.) light-irradiation of human cytomegalovirus (HCMV) resulted in differential inactivation of virus capacities, e.g. induction of cell rounding, early antigens (EA), nuclear inclusion, HCMV DNA synthesis, cellular DNA synthesis, HCMV-specific DNA polymerase, cellular DNA polymerases and plaque production, while the capacity of HCMV to penetrate cell nuclei was not critically impaired. These results indicated that the virus-coded functions expressed after infection were responsible for all these events except for HCMV-induced stimulation of cellular RNA synthesis which was enhanced by irradiation of the virus at a low dose of u.v. light (66oo ergs/mm2). In these experiments phosphonoacetic acid was effectively utilized to detect EA formation by immunofluorescent staining and to differentiate cellular DNA synthesis from virus DNA synthesis.
INTRODUCTION
In contrast to herpes simplex viruses, in vitro replication of human cytomegalovirus (HCMV) in human fibroblasts requires an exceptionally long eclipse period of 55 to 72 h (Plummer et al. I969; Furukawa, Floretti & Plotkin, I973; Huang, Chen& Pagano, I973; Smith & DeHarven, I973) . At early stages during this eclipse period, virus-induced early antigens (EA), whose synthesis is not inhibited by cytosine arabinoside or 5-fluorodeoxyuridine, appear in the infected cell nuclei (Furukawa et al. ~973; The, Klein & Langenhuysen, I974; Geder, I976; Giraldo et aI. I977) . In accordance with these findings, HCMV infection leads to the early induction of cellular DNA polymerases and HCMV-specific DNA polymerase; the latter can be distinguished from the former by stimulation of its activity by salt and its sensitivity to phosphonoacetic acid (PAA; Huang, I975 a, b; Hirai, Furukawa & Plotkin, I976; Hirai & Watanabe, 1976 ). The infection also causes stimulation of the synthesis of cellular DNA and RNA prior to the onset of virus DNA replication (St. Jeor et al. I974; Tanaka, Furukawa & Plotkin, 1975; DeMarchi & Kaplan, 1976; Hirai & Watanabe, I976) .
PAA, which blocks replication of HCMV probably by inhibiting the activity of HCMVspecific DNA polymerase (Huang, ~975b) , does not inhibit the induction of DNA polymerases, the stimulation of cellular DNA and RNA synthesis, and the early rounding up of infected cells (Hirai & Watanabe, I976) . These findings further support the view that the replication of HCMV DNA is not required for the expression of these various events that occur during early stages of virus infection.
It is conceivable from a chronological point of view that EA includes the parental virus-coded entities which are involved either in a series of events leading to the replication of HCMV DNA or in the stimulation of cellular functions that occur before the replication of HCMV DNA. In the present paper, we have explored the effect of u.v. light-irradiation of the virus on the expression of early events in order to examine whether virus-coded functions expressed after infection are responsible for them. To distinguish EA from late nuclear inclusion (NI) in an immunofluorescence test, and the cellular DNA synthesis from the virus DNA synthesis, we used PAA instead of cytosine arabinoside.
METHODS

Cells, virus and infection of cells. Human embryo lung (HEL) cells were provided by
Dr M. Takahashi, Osaka University, and used between the 2oth and 3oth passage levels. The cells were grown in Eagle's minimum essential medium (MEM) supplemented with 5 ~o calf serum. In all the biochemical and immunofluorescent studies, confluent HEL cell monolayers were inoculated with the Towne strain of HCMV at a multiplicity of infection (m.o.i.) of I p.f.u./cell and cultured in MEM containing 2 ~ serum. In an immunofluorescence test, 90 to 95 % of cell population became HCMV-specific antigenpositive by 72 h post infection (p.i.).
U.v.-irradiation of virus.
Samples (2 ml) of HCMV in uncovered 35 mm plastic dishes were exposed to u.v. for various periods at room temperature with continuous rocking. The u.v. light source was a Hitachi sterile lamp, delivering 22 erg/s/mm 2 at the irradiated surface.
Preparation of detergent-treated virionsfrom cytoplasm.
Cells were harvested at 72 h p.i., collected by centrifugation at Iooog for ~o min, and resuspended (2× Io 8 cells[5 ml) in RSB buffer (o.oi M-tris-C1, pH 7"4, o'oI M-NaC1, o'ooi5 M-MgCI~) containing I ~ Nonidet P-4o (NP4o). After incubation for Io min at o °C, the cells were disrupted by several strokes in a Dounce homogenizer, and centrifuged at ~5oog for Io min. The supernatant fluid was treated with deoxyribonuclease (EC. 3. I. 4.5; 20 #g/ml) for 20 min at 3 z °C, and layered on top of a linear, Io to 50 ~ (w/w) sucrose gradient in 50 ml of 0.02 M-tris-C1, pH 7"4, o"I5 M-NaC1. This gradient was centrifuged at 6oooog for 80 min at 4 °C in a Hitachi RPS 25-2 rotor. A light-scattering band at one-third distance from the bottom of the tube was collected, diluted threefold with 0.02 M-tris-C1, pH 7"4, o"15 M-NaCI and centrifuged at 60000 g for 2 h. The pellet was used for extraction of HCMV DNA.
Extraction of DNA from infected eells and from virions. Monolayers of infected HEL
cells were lysed in I ~ sodium dodecyl sulphate (SDS), o.I M-NaC1, o.I M-tris-C1, pH 9"0, and incubated with o-I to 0"5 mg/ml of pronase at 37 °C for 2 to Io h. DNA was extracted from the lysate by phenol treatment. HCMV DNA was extracted from the NP4o-treated virions in the same manner and further purified by isopycnic centrifugation in CsCI (Hirai & Watanabe, I976) . HCMV complementary RNA (eRNA) . Tritiated HCMV cRNA (~H-cRNA) was synthesized in vitro by Escherichia coli RNA polymerase using the method previously described for preparation of SV4o 3H-cRNA (Hirai & Defendi, I970 , except that the time of incubation was 4 h and the amounts of 2H-cytidine 5'-triphosphate, the polymerase, and HCMV DNA in the reaction mixture were 200 #Ci/ml (sp. act. 23 Ci/mmol, New England Nuclear Corp., Boston), 20 to 50 units/ml, and 2 to Io/~g/ml, respectively.
Determination of HCMV DNA by DNA-RNA hybridization. The procedure for hybridization was as described before (Hirai, Robb & Defendi, I974 
U.v.-irradiation of human cytomegalovirus
I23 modifications were made. DNA from infected cells was immobilized "on membrane filters and incubated at 68 °C for z4 h in glass vials containing 3H-cRNA (e x io 5 ct/min) and mg of SDS in I ml of 6 x SSC (SSC: o.I 5 M-NaC1, o'oi5 M-sodium citrate, pH 7"5). In control experiments, HCMV 3H-cRNA did not hybridize to DNA from uninfected HEL cells and the amount of radioactivity bound to the membrane was the background level obtained without immobilized DNA (zoo to 25o ct/min).
Penetration of HCMV DNA into nuclei. To determine the penetration of u.v.-irradiated virus into cell nuclei, the nuclei were isolated from infected cells at 6 h p.i. by the method of Penman (i966). DNA was extracted from e x Io 7 nuclei and hybridized with HCMV 3H-cRNA to determine the amount of virus DNA present.
Assay for induction of cellular DNA synthesis. HCMV-or mock-infected cells were cultured in plastic dishes (35 by IO mm, Falcon Plastic Co.) in the presence of zoo/zg of PAA/ml. At 48 h p.i., Io/zCi of 3H-thymidine (sp. act. 6.o Ci/mmol, New England Nuclear Corp., Boston) was added to each dish and incubated at 37 °C for 3 h. The cells were then washed with cold phosphate-buffered saline (PBS), and lysed in o'3 N-NaOH. Trichloroacetic acid (TCA) was added to the lysate to make it 5 ~, and the precipitate formed was collected on a membrane filter, washed, and the radioactivity was counted. Under these conditions, 3H-thymidine was incorporated only into cellular DNA (Hirai & Watanabe, I976) .
DNA polymerase assay. HCMV-or mock-infected cells (5 x Io 8) were harvested at 48 h p.i., suspended in o-5 ml of buffer (o.ooI M-KPO4, pH 6-8, o-or M-NaC1, o-ooz M-zmercaptoethanol), sonicated in ice four times for I5 s each in an Insonater 2ooM (Kubota Inc., Tokyo) and then NP4o was added to o'5 ~. DNA polymerase activity was measured as described previously (Hirai et al. I976) except that the pH of the reaction mixture was 7"5 instead of 8"5. For the assay for HCMV-specific DNA polymerase (or salt-dependent DNA polymerase), o'I5 M-ammonium sulphate was added to the reaction mixture.
Assay for induction of cellular RNA synthesis. HCMV-and mock-infected cells were cultured in plastic dishes (35 by IO mm). At 24 or 48 h p.i., each dish received Io/zCi of ZH-uridine (sp. act. 47"7 Ci/mmol, New England Nuclear Corp., Boston) and was incubated at 37 °C for 2 h. The cells were then washed with PBS and lysed in 2 ml of I ~ SDS. The lysate was made 5 ~ with TCA and the precipitate formed was collected on a membrane filter, washed, and the radioactivity was counted.
lndirect immunofluorescence test. Infected cells on coverslips were washed with PBS, fixed with acetone for Io min and air dried. The fixed cells were incubated at 37 °C for 30 min with a 4o-fold dilution of a serum reactive with both HCMV-specific EA and NI (a pool of cord blood supplied by Dr Y. Numazaki, Sendai National Hospital) or serum from a hospital patient at our school similarly reactive with the HCMV-specific antigens. The coverslips were washed with PBS and overlaid with a 4o-fold dilution of a fluoresceine isothiocyanate-conjugated rabbit anti-human IgG (Behringwerke Ag., Marburg) for 30 min at 37 °C and washed. The coverslips were mounted on a slide with buffered glycerol, pH 9"5, and examined under a Chiyoda fluorescence microscope FM2ooA (Chiyoda Optical Corp., Tokyo).
Plaque assay. HEL cells grown to monolayers in plastic dishes (6o by I5 mm, Falcon Plastic Co.) were inoculated with 0.8 ml of serial dilutions of HCMV. After adsorption for I h, the fluid was replaced by 5 ml of overlay medium and maintained at 37 °C. The overlay used was Eagle's basal medium supplemented with 2 ~ calf serum, Ioo units/ml of penicillin, 50 #g/ml of streptomycin and 0.8 ~ bacto-agar. An additional overlay (5 ml) was made on the 7th day and plaques were counted 2 weeks after infection. Chemicals. PAA was prepared as described by Hirai & Watanabe (I976) and neutralized with NaOH. Disodium phosphonoacetate was dissolved in PBS to make Io mg/ml and autoclaved. Caffeine was purchased from Wako Pure Chemical Industry, Tokyo.
RESULTS
Effect of u.v.-irradiation on the penetration of HCMV genome into nuclei
In order to explore the effect of u.v.-irradiation of HCMV on the expression of virus functions, it is crucially important to determine whether the capacity of HCMV to penetrate into cell nuclei is impaired by u.v.-irradiation. To test this, HEL cell cultures were inoculated with HCMV which had been exposed to u.v. light for various periods of time. At 6 h p.i., nuclei were isolated from each culture and assayed for the amount of nuclei-associated HCMV DNA by hybridization with HCMV 3H-cRNA. As shown in Table I , virus infectivity was reduced exponentially by u.v.-irradiation. In contrast, the amounts of HCMV DNA associated with the nuclei at 6 h p.i. were almost unaffected by the u.v.-irradiation for up to IO min (19ooo erg/mm ~) despite the infectivity reduction by 2 loglo. We confirmed in a separate experiment that the amount of 3H-cRNA hybridized is directly proportional to an amount of HCMV DNA immobilized on filter membranes (data not shown). Therefore, the average number of virus genome equivalents per cell can be estimated by comparison of the hybridized radioactivity to a standard curve obtained with known amounts of HCMV DNA (Huang et at. I973)-An average genome number per cell thus estimated was z3 for the cells inoculated with non-irradiated virus. Even when infectivity was reduced by 4 logi0 by irradiation for 2o min (26ooo erg/mm~), 4"6 genome equivalents were present in association with each nucleus on average. Thus, the capacity of HCMV for penetration is not critically impaired by u.v.-irradiation, but when irradiated for longer than 15 rain (I9 5oo erg/mm 2) substantial reduction in penetration occurs and this must be taken into account in interpreting results of u.v.-inactivation experiments.
Effect of u.v.-irradiation of HCMV on the expression of EA and NI
To examine the capacity of HCMV to induce EA by the immunofluorescence test, 2oo/~g/ml of PAA was added to infected cultures. This concentration of PAA totally inhibited the synthesis of HCMV DNA in infected cells during the experimental period of 72 h and appeared less cytotoxic than cytosine arabinoside which has been used for similar purposes. Indirect immunofluorescent staining with the human sera reactive with HCMV-specific antigens revealed the appearance of HCMV-induced nuclear antigens as early as 6 h p.i. though in only a few percent of ceils ( * Based on counts of 250 to 500 cells. EA-positive cells were counted in the PAA (2oo/zg/ml)-treated, infected culture while no PAA was added for counts of NI.
positive cells increased with time and reached 95 ~ at 72 h p.i. We define these nuclear antigens produced in the presence of PAA as EA as opposed to NI which are produced only after replication of HCMV DNA in the absence of PAA.
The fluorescence pattern of EA was characterized by fine granules scattered over the entire nucleus and this pattern was essentially unchanged during the observation period of 7z h as long as PAA was present. These features of EA pattern were similar to those described for a pattern of HCMV-specific antigens produced in the presence of cytosine arabinoside (The et al. I974; Geder, I976; Giraldo et al. I977) and therefore photomicrographs are not shown here.
When the immunofluorescent test was performed with infected cells cultured in the absence of PAA, fluorescence patterns observed at 24 h p.i. were similar to the EA pattern observed in the PAA-treated, infected cells. At 48 h p.i., however, strong nuclear fluorescence appeared in about Io ~ of the cells in the form of condensed coarse granules, which corresponded to nuclear inclusion bodies (The et al. I974) , and the percentage of the cells having this inclusion-type fluorescence increased with time (Table z) . This fluorescence pattern is referred to as NI in the present paper. In addition to NI, cytoplasmic fluorescence, which possibly corresponds to a HCMV-induced, non-specific IgG-Fc receptor (Keller et al. I976) , was observed, particularly in perinuclear regions at the late stages of the infection cycle.
A number of sera from hospital patients, tested randomly, were reactive only with NI, and a small number of sera were reactive with both EA and NI at dilutions over 4o-fold (unpublished data), strongly suggesting the immunological distinctiveness of EA and NI.
On the basis of these observations, HEL cells were then inoculated with HCMV which had been exposed to u.v. light for various periods of time and examined for the expression of EA and NI as well as the infectivity and the HCMV-induced rounding up of individual cells which became evident by I2 h p.i. The EA-positive cells were counted either in the PAA-treated cultures at 72 h p.i. or in the PAA-untreated cultures at z4 h p.i. As shown in Fig. I , virus functions for EA, NI, cell rounding, and plaque formation were differentially reduced, each curve following exponential kinetics as a function of u.v. dose. The function for EA expression appeared to be the least sensitive among the virus functions tested here; its survival curve had a slope of about one-fifth that for NI expression. NI expression was similar to, but slightly more sensitive than plaque formation, for which we have no clear explanation at present.
There may be many reasons for differential u.v.-sensitivity (see Discussion). We have tested the possibilities of'host cell repair' (Aaronson & Lytle, 197o; Seemayer & Defendi, 1974) and 'multiplicity dependent activation' (Yamamoto & Shimojo, 1971 ) on the expression of EA. The possibility of preferential DNA repair for EA expression was tested by using caffeine, which is known to inhibit DNA repair in mammalian cells irradiated To test the possibility of 'multiplicity dependent activation' (which may involve both complementation and multiplicity reactivation), we compared the expression of EA in the cells infected with doubling dilutions of u.v.-irradiated and non-irradiated HCMV. As shown in Table 3 , while the percentage of EA-positive cells was proportional to the dilutions of non-irradiated virus, u.v.-irradiated HCMV induced EA in more cells than expected from the values obtained at high dilutions of the virus. The result indicates that 'multiplicity dependent activation' does occur in the cells infected with u.v.-irradiated HCMV under the experimental conditions employed in the present study. Based on this and other data which are discussed later, it is obvious that the observed differential u.v.-sensitivity does not directly reflect the 'target size' of virus genes involved. However, the differential u.v.-sensitivity does support the concept that the expression of EA and NI are under the control of different virus genes.
Effect of u.v.-irradiation of HCMV on the biochemical events
related to DNA synthesis The effect of u.v.-irradiation on the capacity of HCMV to induce cellular and virus DNA synthesis and to induce cellular and Virus DNA polymerases was examined in experiments of the same design. Since, in a series of experiments in the present paper, we used a relatively low m.o.i. 0 p.f.u./cell) which might have caused a delay in the expression of the virus-induced biochemical events, we explored the time courses of these events under the same inoculating conditions in order to determine the appropriate times to assay these events; the results are summarized in Fig. 3 markedly reduced by u.v.-irradiation to a level close to that of plaque formation. The capacity to stimulate cellular DNA synthesis was also reduced though it was less sensitive than the capacity for EA expression. The extent of reduction at 15 and 2o min irradiation was close to or within a range which might be accounted for by the inhibition of virus 9. , (Table I) . We consider, however, that the reduction caused by the irradiation for 5 and IO rain is significant. When the virus was irradiated for 20 rain or longer, results were somewhat erratic; in some experiments not shown here, the stimulation of cellular DNA synthesis exceeded control levels obtained with non-irradiated virus. An increase in DNA polymerase activity, which was measured in the presence of o'15 Mammonium sulphate in the reaction mixture, reached a plateau at 3o h p.i. (Fig. 3b) . According to the previous data on the inhibition of cellular DNA polymerases and the stimulation of HCMV-specific polymerase by ammonium sulphate (Hirai et al. I976) , we estimate that at least 80 ~o of the increased polymerase activity shown in Fig. 3 (b) represents the activity of HCMV-specific DNA polymerase. An increase in the total activity of DNA polymerases, which was measured in the absence of ammonium sulphate (Fig. 3 c) , represents the induction of cellular DNA polymerases plus HCMV-specific polymerase and reached its maximum at 30 h p.i. To obtain an approximate measure of the ratio of cellular and virus polymerase activities, parallel experiments were carried out in which polymerase activity was assayed in the absence or presence of 25/zg/ml of PAA which inhibited virus polymerase activity almost completely (Huang, I975b; Hirai & Watanabe, I976) ; an activity reduction by 4o to 5o ~ was consistently observed in the presence of the drug (data not shown). Since it is known that the cellular DNA polymerase ~, which is a major component induced by HCMV infection, is also partially sensitive to PAA (io to 3o inhibition, Hirai & Watanabe, I976), it is not possible to estimate the exact ratio of cellular and virus polymerase activities in the extracts. However, it may be a reasonable assumption that cellular DNA polymerases are responsible for at least 5o ~ of total polymerase activity.
The induction of DNA polymerase activities by u.v.-irradiated HCMV was determined at 48 h p.i. The capacity to induce HCMV-specific DNA polymerase was much more sensitive than the capacity to induce total DNA polymerases. Fortunately, this clearly differential u.v.-sensitivity made it possible to judge whether the virus capacity to induce cellular polymerases was sensitive to u.v. light despite the contamination by HCMVspecific DNA polymerase. For example, the broken line shown in Fig. 4(b) represents a theoretical curve calculated on the assumptions that the total polymerase activity induced by non-irradiated control virus is comprised of 5o ~ each of the cellular and the virus polymerase activities and that the virus capacity to induce cellular DNA polymerases is not affected by u.v.-irradiation, while the induction of virus polymerase is decreased following the kinetics shown in Fig. 4 (b) . If an actual level of cellular DNA polymerase is higher than 5o ~, then the difference in shape between the theoretical curve and the survival curve for total DNA polymerases should be more conspicuous. We therefore conclude that the induction of cellular DNA polymerases requires the intact virus genome, and the results shown in this section support the concept that, with some reservations for the stimulation of cellular DNA synthesis (see Discussion), these virus-induced biochemical events tested are HCMV-coded events expressed after infection.
Effect of n.y.-irradiation of HCMV on the stimulation of cellular RNA synthesis
The stimulation of cellular RNA synthesis has also been shown to be an early event in HCMV-infected human cells (Huang et al. 1973; Tanaka et al. 1975) . HCMV irradiated at various doses of u.v. was tested for the ability to stimulate 3H-uridine incorporation into RNA in the infected cells at 24 and 48 h p.i., at which times non-irradiated HCMV induced 1.6-and 5.4-fold stimulation of cellular RNA synthesis, respectively (Table 4)- When irradiated at a low dose of u.v. (5 min, 6600 erg/mmZ), the infectivity was reduced by about ~ log10, while the extent of stimulation of RNA synthesis was enhanced to about 2oo ~ of the control infected with non-irradiated virus. At higher doses (~5 min, I9 50o erg/ mm~; 2o rain, 26ooo erg/mm~), the stimulation of RNA synthesis was reduced to 54 and 26 ~ of the non-irradiated control, respectively, as determined at 48 h p.i. The extent of reduction at the higher doses may well be in the range which can be accounted for by the inhibition of virus penetration (Table 2 ) and, therefore, we reserve judgement as to whether the stimulation of cellular RNA synthesis is an HCMV-coded function expressed after infection.
DISCUSSION
Before the u.v.-inactivation of HCMV was performed, we predicted that a survival curve for EA expression would follow multi-hit kinetics because multiple species of antigens were expected to be involved in the expression of fuorescence. However, the results were contradictory, and the survival curve for EA was, instead, of a single-hit type. The simplest interpretation of the result is that a particular species of antigen is predominantly accumulated which comprises a major part of the antigens showing fluorescence. An alternative possibility is that the human sera used for the immunofluorescence test contain antibodies reactive only with a limited species of early antigens.
The present study showed the differential u.v.-sensitivity of various virus functions. The induction of EA, cellular DNA synthesis, and cellular DNA polymerases were less u.v.-sensitive than the other virus functions such as the synthesis of HCMV DNA, the induction of virus-specific DNA polymerase and the plaque formation ( Fig. I and 4) . The differential u.v.-sensitivity could arise for various reasons. For example, (a) if the virus DNA is transcribed to mRNA of a polycistronic type, then the genes proximal to a promotor should be more resistant to u.v. light than distal genes (Br~iutigam & Sauerbier, I974) . (b) If sequential regulation is operative in the synthesis of virus-coded proteins as reported for herpes simplex virus (Honess & Roizman, I974) , then the expression of genes coding for a certain class of proteins, whose synthesis requires prior synthesis of another class of proteins, should be more sensitive to u.v. This may be applicable at least partly to the observed greater sensitivity of N1 expression than EA expression. (c) Moreover, as shown in Table 3 , 'multiplicity dependent activation' does occur with the u.v.-irradiated HCMV under the experimental conditions employed in the present study. This type of activation could occur to a different degree for each virus function. (d) Repair of the u.v.-damaged HCMV genome after infection to host cells may also result in differential u.v.-sensitivity if it occurs more frequently at certain regions of the genome, although our experiments with caffeine suggest that host cell repair is not operative for the expression of EA in HEL cells (Fig. 2) . Taken together, the observed differential u.v.-sensitivity does not directly reflect the physical size of the genes involved. However, a conspicuous difference in u.v.-sensitivity, e.g. EA compared with NI, does reflect the fact that these are expressed under the control of different virus genes. In this respect, it should be noted that the survival curve for the induction of HCMV-specific DNA polymerase was relatively close to and less sensitive than that for the synthesis of HCMV DNA (Fig. 4) . This fact, together with the observation that the HCMV-specific DNA polymerase was induced prior to the initiation of HCMV DNA synthesis (Fig. 3a, b) , supports the concept that the HCMVspecific DNA polymerase is responsible for the virus DNA synthesis (Hirai et al. I976; Hirai & Watanabe, I976) .
The irradiation of HCMV at a low dose of u.v. resulted in an enhancement of virus capacity to stimulate cellular RNA synthesis (Table 4 ). This phenomenon seems to be analogous to the enhancing effect of u.v.-irradiation at low doses which has been reported in several biological systems such as transformation and T antigen induction by SV4o (Seemayer & Defendi, I974) , transduction by bacteriophage P22 in Salmonella typhimurium (Garen & Sinder, ~955) , and genetic recombination of phage lambda (Jacob & Wollman, I955) . At present its mechanism is not fully understood in any of these cases.
The capacity of HCMV to stimulate the incorporation of aH-thymidine into cellular DNA was damaged to some extent by the low doses of u.v.-irradiation (Fig. 4a) , at which virus penetration was not substantially affected. St. Jeor et al. 0974) previously reported that extensively u.v.-irradiated HCMV (8ooo erg/s/mm 2 for 3o mill) lost its ability to induce cellular DNA synthesis. However, they did not examine whether the virus still had the capacity to penetrate into cells after such extensive irradiation. In our experiments, when HCMV was irradiated for 20 rain (26 ooo erg/cm ~) or longer, the survival curve for the capacity to induce cellular DNA synthesis showed an upward trend (Fig. 4 a) and the levels of the stimulation sometimes exceeded the control values obtained with nonirradiated HCMV (unpublished observation). This is consistent with the observation by Albrecht et al. (I976) who found that the Syrian hamster cells infected with HCMV irradiated with relatively high doses of u.v. light had a greater rate of 3H-thymidine incorporation into cellular DNA than that observed in the control cells infected with nonirradiated virus. We interpret these results as suggesting that, although a virus gene function expressed after infection is certainly involved in the stimulation of cellular DNA synthesis and this function is damaged by u.v.-irradiation of the virus, there must be some unknown mechanism by which HCMV can acquire the capacity to stimulate cellular DNA synthesis when irradiated at relatively high doses of u.v. light. If we take into consideration, however, that the capacity of HCMV to penetrate into cell nuclei as well as its capacity to induce cellular DNA polymerases are considerably reduced by the irradiation at relatively high doses of u.v., the stimulation of cellular DNA synthesis by such irradiated virus cannot simply be ascribed to the functions of virus genome expressed after infection. This work was supported by a Grant-in-Aid for Scientific Research from the Ministry of Education, Science and Culture, Japan.
